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liv  A,   I,,   Ci^.iiK. 

"\\7'^"'-  iiiLM'^i-'il  ill  si>iiir  (  \"i'i  iiiM  ntal  work  wiih  irlcplinne  ir.ins- 
»  ^  iiiiilci's.  il  was  fdiind  lli.it  the  resistance  of  cirliiii  conl.irts 
varied  to  a  reni;irkal)le  cMiiit,  not  only  witli  pressure  and  (iirieni,  l)ut 
also  with  tlie  time  and  in  a  \try  n  j^nl.ir  nianiier. 

The  Hrst  Iwf)  (  fleets  ha\e  hetn  known  for  a  lonji  time,  iiii  tlif  n  -iilar 
\ari,iliuii  will)  linu'  alter  eliMiinating  the  effect  of  change  due  i"  a  li^e 
of  ten^i't  la;  II!  r,  -leiiis  to  ha\e  e'^i-ajed  notice-  at  least  1  lia\e  heeii 
unalile  to  liiid  ain  adiumt  ol  ^li(ll  work  In  lie  sure  il  ha-  1  ie(  ii  wilt 
know  11  lor  a  loiii;  tina-  in  telrplurne  |,ra(iii-e  that  (xidalinn  and  lireakini; 
down  ol  coiitacls  oi  ciir,  but  no  alli  iiipN  to  show  aiu'  reL;iilaiii\  in  >iu  li 
j)hcnf)n!en<i  have  been  discos ered. 

The  elVec  !s  of  pri  ssinc  on  cmiiaci  resistance  of  i  aiimii  w  i-  iiu  r-i  i-^aled 
very  ihno  i;vliK  hy  Hidw  r!l  w  ho  al-o'  in\i  -li-  ili  d  1  he  elfecls  of  current 
sliciiLi  h  I  in  CI  in  lac  1  i  esi-laiic  c.  1  le  lound  thai  the  passajce  of  a  ciirri'ilt 
thimiiji  ihc  cc.niaci  caii-c  cl  the  pi  nnaiicnl  chaii;..:c-  in  rc-i-laiue,  --oiiie- 
linies  decreasiii:,  it  and  soinetinii'-  increasini;  it,  depi'iuhiiL,  cm  the  \alue 
of  the  ciirn  nt.  In  this  i  (innecliciii.  he  found  that  if  tlie  c  mn  nl  <](•<-•  not 
exc  (  cd  a  I  c  1  I,;  in  \  ahie.  I  he  n  si-la  iic  e  i-  di  crcMsed  and  more  ,i-  I  he-  c  urreiit. 
is  larmier,  picividccj  the  <  iirre.it  den-,  imi  ri-e  .clni\c  lliir-  \ahic'.  (  )ii  the 
otjier  luind,  il  llie  cuueiit  exceed-  .i  lerlain  \.diie  there  i-  a  iiernianeiil 
increase  in  the  risist.mce. 

.\l  llie  linii'  cil  ilie  in\c -tii;.ilii'n  di-cijliicl  IhIow.  the  wiilcr  chcj  not 
lia\e  .iccc->  lo  Hiclwcll's  p.ipc  r,  c  c  m-c  (|iiciil  K  nine  h  of  ihil  wmk  w.is 
ripe.Uecl.  litlt  llie  I  c;^  II  I.  nil  \  o|  the  plieiic  uni  na  jii-l  descrilicd  sc-ein-  lo  he 
ni  u  and  worlli  noiicc  ami  -iich  ni.illeis  ,is  are  nol  ineiil  ic  .iiecl  in  olluT 
ri>c.irch(  -  ,ire  ck  sc  rihc  cl  he  low  . 

Tlii-  p.iper  i-  .111  .iccciiinl  of  ,in  in\  c -li;^aliuii  of  the  lime  rcluicins  of 
ch.m^es  in  resi-l.ince  in  c.iilion  cc.nl. icis  -iic  li  as  .lie  cciinmonls  ii-ed  in 
telephone  I  r.insinil  lers.  I'.xpeiimeni  -  were  m.iclc  on  c.irtioii  in  llie  lorni 
of  Ki'''i"^.  Ii.dls  ,ind  pl.ites,  alw.i\-  willi  the  -.iiiie  results. 

It  will  he  c  cin\  enic'iil  lo  di\  ide  c  .iihcm  c  cinl.ic  Is  into  iwo  ,  la-— es,  jnci-e 
and  li^;lii.  Ii\  ,i  loo-c-  c  ont.ic  I  il>-  iiie,in  one  w  here  the  |).i nicies  ,ire  held 
so  tli.it  the  c  onl.ic  I  i-  111, ide  under  \ci\  -lii;ht  pressure.      In  this  c.ise  ihere 

■  Mull  I  111  lliilMc  a,  •  l.lcc.  Kc  ..  Ill  (ail. I  in  I  uiu.icls.  '  Pct.  l<..y.  Skv,  ,\.\.W,,  i,  iSSj. 
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ir-  no  ( li.iii'^c  I  'I  1 1  -i-'  c  II'  1-  ihii  Id  r\;i,iii~iMn,  wliicii  iwiially  r,iii>c^  iniTLMScd 
]iri---ili'r,  lull  the  (oiil,;ii  ni,!\'  lirr.ik  iluwii,  .::-  will  1"'  -mi  iicl(  w.  Uy 
tight  t'clit.ul  i-  iiliMiil  one  \shiTi'  ilic  ii,ini'ii-s  arr  'u-i(l  wiili  -iiUiciriit 
firmness  in  iti.iim.iin  lU-iiiiiii  (untarl  i-xcii  wiiii  l,,rm-  ciitruit--.  In 
the  In'-:  iM>f.  thai  i~,  Im'.-c  ((.macl.  thiTr  ari-  iiulii  i  ahlr  prrinaiu'iit 
I  liaiiui--  ill  i-c'-i-l.mtc.  In  ilir  lalliT,  ti:^lit  ciinlacl,  llir-c  e-ll.iia.c--  are 
\er\  -!i-;lii.  M  ii  ri  ■]  .Jioiiie  .uli'iii  i-  imi  inipn—ililr  in  the  ease  (it  !it;ht 
eiiiilail.  Iiidird.  I  he  tihcrc  i]  iln  me  i-  tl^uall\-  aii  e\ani|  ile  i/l  ti^hl  inni.iet 
in  the  -eil-e  e\|ilaiiu  il  ,;lni,  e. 

I.iiii--e  eunlai  I   \\a~  ^lll(li(■(l  lii-l  by  at  laeliin.L;  a  -mall  earliiui  hall  nr  n 

small  ;^rain  <A  eailioii  {n  a  thin  phe-phdr  liinn/e  \\  iri'  wilh  ,i  hit  "I  a  li(|ili(l 

eenieiil ,  eniitaiiiinL;  graphite  .i'ld  km  'W  n  .is  "  elamp  pa-le."      'I  his  ha.rilens 

MA  in  a  few    h.air--.  i-   \  er\    slrnni;  anil   (ondiiets  well 

'— '  '        ^  t'lKiU'^^h.      In  dliier  I  \p(  riiiii  lit-,    the   earlidn  halls 

-]'*      and    lra:^n;inl-  wire   parlialh'  ena'(  d  w  il  h   ednpi.T 

eUci  n  il\  liea.lK-    .IP.d     llleil    -i.idirrd     in     the    phus- 
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pllnr  hn  'ii/e  w  ire.      ,\!:','  cMier  siiKal  wire    p<  .--e-s. 

iili;   ( .  ii;-i(|(  lalile   el.i-li(  il  \   w  niild  do  ( (pialK   well. 
Fig.   1. 

Imt    ihe   plin-]  her  liri'ii/e  w  ill'   wa-   ,il    li.ind    .iiid 

ter\ed\er\  iiii  elw  Till-  method  ef  at  I  aehiiii;  1  hi  wiielollie  fr  mment 
sei  m-  to  'M\e  no  elli'et  on  tile  feMllt.  The  wire  w.  -  ,:h.  Ill  5  i  HI.  lon;^ 
,Midwa>lMld  li\  itseiid  in  .1  el. imp  .so  that  tln'  hit  of  i  irlioii  eonld  he 
,no\(d  lo  loiuh  another  ri.,id'%- lu'iil  pie'V  of  eirhm.  I'h  ■  ei:-,i|ii  is 
sli..w  a  in   hi,.;.  I. 

.\  |-\i.l'.  -loiMjie  battery  i.  arraiii;ed  '.)  -  n  1  it-  eurreni  lhioa;h  ,i 
p. 'Ill  idol  la!  rr  wiiv,  rt!.  and  .m  adjiistahle  re-i-l.inee  R  in  -erie-.  A  -i'iim- 
lixr  \,,lliMter  i-  apiilied  at  die  I  lid-  of  liia  wire.  , ..'.  The  v.ui.ilile 
idllt.uiN  (.'  and  h  le.id  the  eiirrinl  ihioii-^h  .i  mil  imineii  i  .nid  llie  i\peri- 
nieiilal  carlion  eotitaCt  in  -'lie-.  The  iiiil.iin.u'ier  -  'iild  If  .i-  iie.ir 
de.id  lie, it  aS  pc-dlile,  H\  iiioviie^  <;  and  /■  iii\  reipiired  Mill.e^e  in  i\'  lie 
a|iplieil  and  ihe  etitrenl  ih-erxed.  Il  w.i-  found  thai  when  ,i  -iii.ill 
enrreiU  i-  -i  nt  ihroiiuii  the  eoniaei  ih.ii  ilv  re  i-  ,i  \er\  re-nl.ir  dn  re,i-e 
ill  n-i-l,iiiee  wliiih  if  liie  1. '111. at  i>  imdi-lurlied  -eem-  to  lia  perm.inenl, 
Tlu'  sli'^hle-t  j,ir,  even  th.il  in.ide  li\  .i  w  luon  p.e-ini;  in  the  >treei  dui-ide, 
issunieiiiil  lo  eli.mi;e  till-  >  orii.i'i  in  -m  h  .i  wis-  ih.il  ihe  iihenonnpoa 
repeats.      Miilw  11  noii.'d   diU    the  n-isiinei'  of  -mli  .i  n.ni.iei    i-  di- 

rroas<-(l    \<\     ihr   einnil',    1 li'l    ll"!    Ilo'iie    ihe   refill. ilil\-   of   the   elleel. 

Fin.  2  show-  the  m.iiaiir  in  whiih  ih.  iv-i-l.mec  (  h.niues.  Here  i.iil.on 
balls  }4"  in  ili.inie'ar  were  n-ed.  The  lime  w.i-  inei-iiied  b>  .i  melro- 
iiame  bealinn  40  beats  to  llir  ii.iimle.  II  .,  -liorr^ir  e'lrn  111  i-  ii-ed.  die 
.1,1  re  ,,-e  is  niore  iinliee.ibK  .  ,  ud,  il  ,1  -lioiii;  1  iirri  111  i-  followed  li\   a  we.ik 
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(inc,  llii'  wi'.ik  our  li.is  nc]  riTcct   on  tlu;  rr~i^t.ip.ri'.      It   i^  iinl   .ilisoluU'ly 
Lcrt.iiii  ill, It    iluTf  is  nil  ncovi-ry  from   this  rhaiv^i'  of  roi^taiicc.  hut 

tiicrr  is  no  lApcrinifntal  (.■\i<icn(e 
to  show  tiiat  surh  a  it  o\  cry  oc- 
i  Lir-,  SiiK  u  thcrf  was  no  room 
a\ailalilt'  whi'h  could  he  made 
sonnd  and  jar  proof,  ihi-  point  !i,is 
not  ln'C'ii  lan'liilly  in\''^liL;,itcd. 
'Ihc  scnsit'.N  cncs.-- of  a  loose  contact 
to  ili,ini;e  in  pressure  is  most  e:<- 
traor(liii,ir\-.  When  st.indiiitr  ne,ir 
the  t,il)lc  on  which  the  ,ipp,ir,itiis 
was  pKued.  it  w;is  found  that  sliift- 
ini;  the  weii;lit  from  one  foot  to  the 
other  distf)rled  the  lloor  and  t,il)le  enouuh  to  (li,in:,:e  the  pressuri'  suf- 
licieiilK'  to  show  ,1  dccicKd  elfect  in  the  milnniiicii'r. 

■r,iMc  I.  shows  the  rc-nll  of  ^c\cr,d  ■■acce--^i\c  rims.  I)ei;innini,'  with  ,i 
low  ll.M  I  \  ,inii  ini  riM-ii;,;  lo  a  \  ,ikie  lielow  the  critic,il  poini .  It  w  ill  he 
seen  th,ii  .ifli  r  ilie  lir^l  r.m  llie  I'^sistance  ch,in!,;e-  \erv  liilK'. 
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If,  ,is  Hid  well  point-  out .  tlie  l-...\I.l'.  p.i'-^i'-  ,i  c(  rt,iin  critic.il  \,iliic,  the 
phenomenon  clMni;es.  I'hcre  the  resist, nice  incre,i-es  with  the  lime  ,md 
with  rem, irk, iliic  re;ciil, nil  y.    .\s  |!id-  _ 

well   noticed,   i  he   critic, il  \,ihie   de 
pends  siinicwh.it  on  the  pressuri'  at 
nini.ict.    It  ,ii--<)  depeiKU  on  conl,ict 
arc,i.  •'O  ih,it   the  critic, d  \.ilneproli-      i  looJ — 
;il)l\     depend-    on    current     den-iiy 


1^E:=; 


FiK.  3. 


rathiT  th,in  on    I'l.M.I-'.       The  hii;her  f-j-j- 

the    .ipplicd     i;,M.I".,    or   lieller    the 

higher  the  c  nrrcnt  diii'-ii\'.  ilic  more 

r.ipid  is  the   li-ein    re -i-Miice       I'Ik- 

3  shows  iIk    pill  nomeiion  lor  two  li,dls  in  loo-c  (ont,ii  I  when  the  ,ipplied 

\:  M.i-  i-  1,(1  \oiis. 

As  w  ill  he  -c  in.  I  he  ii-isi,in<  e  incrcises  r,ipiilK  ,il  lir-i ,  i  hen  more  -low  ly 
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anil  .if'rr  ,  Iw.iil  two  niinuKs  ha-  incrcaMd  {<>  fnr-folil  the  (iri:;ina1  \-,iliie. 
'111.  ic  i-  iin  (Nil.iKc  (.1  Rr(>\cry  in  tbi-  ci-c.  If  tlw  c  urrnil  nr  intrr- 
ruplcil  ,11  ai'A  liairaiid  llu-iirruit  lie  1.  ft  iIkh  f^iaii  huiirnr  iw.ian.l  llu-ii 
clo^rd,  tlir  n-i-MiUr  I  u  ■.in- w  il  li  llu'  -aiiu-  \.iliU'  a-  wlu'ii  ll'.-  riinfiu  was 
intrrniiil.d  .iiid  liir  nirvc  i-  ,,l.-ulin.l>  c.  nliiiunii-,  iiiiU --  il;i'  cmtait 
lia-  Ikvii  i.iinil.  Willi  1  ii-f  I'.M.l  •'-  Inil  lill  -o  -ni,,li  ili.i!  a.,  vi-iiilc 
arc  form;-,  llu-  i(-i-i.;iirc  ri-u-  r.i|U(lK-  l>>  iiiliiiily. 

Willi  Ml, all.  r  !:.M.r.-  the  rli.in^r  i-  mtv  -h.w.  If  t!ic  lain, I  \  allie 
of  llir  i:.M.l'.  i-  IK. a-  llic  crili'  ll  \ali!r.  ii  iiia\'  li.ii>;Kn  ihal  win  ii  the 
<-nrrciit  i-  luriu-d  i  r.  ilu'  rc-i-t.aio-  f.dl-  for  ,i  iiMiiu'iil.  llian  n-'-.  ,\p- 
paniitK  ihr  fall  in  r<  -i-l,iiuf  ,ui\.'S  ri-r  In  .i  i  ia-rii,l  driwil\-  in  lAcv-  uf 
Ihc  .rilir.d  valnr  .ird  l!:r  -rn'Uil  .a-.-  is  csliiliitrd.  (). --.i-i,  .n.illy  ihc 
n-i-l.iiuv  f.ilN  \irv  ,|;;i.  kl\  M  .i  m  ry  I'-w  \.i!iii-  and  taa  ciiit.ni  then 
sluiv-  >iuii-  <if  ('■l„M..ii.  rriiiiiiin;.;  a  -iiuli!  Init  uniiii-a  ,1:  il.lr  pull  to 
si'i).  r.iU'   thf  i.,niirlis.     (U  i.aa>o  \]w  naii.irt    i     im  \nv-rr  \nn-~v.     Da 

ll.i  (alar  liai.d.  win  P.  llif  plu-- 
iKiniciKiii  ot  inrrca-i-  i>l  ri-i>l- 
aiiCL'  is  <ili-i.'r\cd  .iiid  ilir  p.ir- 
tic'lfs  arc  (jlir-cr\  cd  inidrr  a 
liii:li  1  ever  icicK  -.  iipc,  ir.'.ccs 
^  of   a    fc.illicr\-    adluaiiii;    suli- 

^^£:::^I^^3Z      stance    ari'    soiiietimcN    ^eell, 
"  /  '         siijiKc-tiiu;    asli.     Tlii-  i-  not 

""1  [J  al\\.i\-  \i-ilile;aid  where -ecu 
ni,i\-  he  -]\:.:\\  Ir.i-iiients 
ahr.ulid  h\  riihhin.L;.  hill  the 
cxi-lciue  of  a.-h  i-  -iliis^ested. 
1  ,1,1,.  II.  .ail  I  I  i;^,  4  -how  I  he  efh'cl  of  siiece--i\c  pa— .c^e  of  the  hhM.h. 
luAoiid  ilie  Miii.  ,il  \..hie.  h'.nh  -luh  pas-.ii;c^i\cs  ri-c  lo  .m  im  rc.isc  ol 
rcsi-i.iiiic.  In  ihi-i  \|  i  'iiiienl,  ilie  c  in  nil  w,i-clo-ed  for  a-  hnel  ,i  period 
,1^  |,,-ihlo.  Ihc  loi'.ii  ihe  c  in  nil  i-  clo-ed  on  the  hii;li  \.ihic  of  tlic 
K..M.1  .  ihe  lii^hei  il;c  i,i  \l  i  iir\e  of  I  he  f.iiialy  will  ri-c 
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Tlic  iihcnonicna  observed  arc  totally  different  when  ihc  pressure  be- 
comes ^reat  eiioiii;h  to  break  through  the  noncoiiduotint;  layer  whatcyt  r 
it  is.     For  example,  a  ball  wa-,  held  .ii;.unM  a  M-rtir.il  di-l<  nf  ■  .irb^a  wii 
pressure   produeed   by  the  elastieily  of   llie   phosphor   l.Pjn/e    wire   an.l 
the  phenomena  of  loose  contart 
were    observed.     It     was    then 
placed    on    the  s.ime  di-k   held 
horizont.dly,    the    pre--iire    now 
being  caused  by  the  weit;hl  ol  the 
ball  and   the  eonlai  t  w.is   tiv;ht. 
When  the  eonlacl  i^   lii;hl   there 
is  no  breakdown,  e\en  when  the 
current  is  l,irt;e  enoiii;h  to  cause 
a  brii^ht  arc.     In  another  experi- 
ment,   two    thick    ( arbon   disks 
were  pi, iced  near  to;.;iiher  in  the 
same  \ertical  ])lane  and  a.   sm  ill 
fragment  of  carbon  droppul  be- 
tween   them.      Siiiii    a    c(]ntact 
may  \)v  loose  or  ti,^!ii.  beh.ixin^^  \ery  err.ilicalU  . 

I-'iii.  5  shows  the  chaiv^^e  in  re-i-i.'iice  de-  to  different  currents  in 
the  case  of  ti!;hl  contact.  In  this  experiment,  a  small  ball  w.is  held 
aRainst  a  carbon  disk  with  moder.ite  pre-sure,  .\s  will  be  se.'ii  trom  the 
readings  in  Table  III.,  it  is  doubtful  whether  there  is  a  decided  ch.mge  in 
resistance  with  time.  The  tirst  column  shows  time  in  h.ilf  minutes. 
The  other  columns  show  the  n-i-t.mce-  .it  tluM'  times  for  the  ajjplied 
ek'Ctroinoti\e  forces  i;i\cn  at  the  top  of  ihe  columns. 

Taiii.i:   III. 
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In  some  c.ises  of  tij^lil  (diit.ict.  c  i;,,  a  sm.ill  b,ill  ,i,i.;aiiist  .1  di-k  under 
slight  pressure,  it  h.is  been  loiind  ill, it  the  resist, mce  decrease;;  with  time, 
but  if  the  (  urreiil  be  interrupted  by  opening  the  -witch  for  ,1  few  minutes 
and  dosing  it  ag.iiii,  the  resistance  has  a  much  smaller  \.ihie  tli.in  when 
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ihr  ~\\il(li  w,.-  oixiicd.  riu'  fnlldwin.L;  d.il  i  will  make  this  i\iclcnl. 
With  ,m  i:,M.l'.  of  inuv  vdIis  llic  rL'>ist,mcc  fell  in  tour  niiniilrs  fmni  15S 
tu  1411  i.lii.i-.  Allcr  A  ri-^l  III'  two  mimilcs  the  resist, mre  wms  1  Vt  nlmis 
,iiiil  the  ririiiit  lHiii:j;  cImmmI  fur  three  niimites.  no  further  eh.in-e  in 
re-i-i.iner  u.!-  ( il i-i  r\  i ■<  1 .  Hul  .1  .-.  -t  iif  two  miiiule-.  hrou^ht  the  re-i^l- 
,iiuv  ilnu  II  I.I  M')  "hill-,  where  il  rein.iiiieil  |ir.ielie,illy  euiistaiit  tur  lliree 
iiihiuie-..  .\i!Miiui  twii-iniiiiile  re-t  hriiiii^hl  it  tu  ')l  nhiii-  In  experi- 
tmtits  like  thi-  each  peiiiMl  i.f  re-t  liniii-hi  ,ili.iiii  a  mirkeil  ileerea-e  ia 
ri'sistaiiet'.  This  pheiinineiKiii  has  lueii  (iii-er\ei|  a  iiiinilierul  times,  hill 
no  satisfaetor\-  explaiiai  ion  ha-  heeti  sUK^esled. 
OeEEN's  Usi\EK-irY. 

KlNl.sTUN.    OMAUle. 
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